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Polymerization of gels for electrophoresis with improved photoinitiators results in gels which are suitable for electrophoresis. The 
new initiator systems are much faster than current systems for making such gels. Moreover, the polymerization reaction can be conducted 
in the presence of oxygen, which greatly simplifies gel casting. In particular, it is possible with the invention to cast and use gels of acrylic 
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PATENT APPLICATION 

Title: Methods and Reagents for Gel Electrophoresis. 

Priority: This application is a continuation-in-part of U.S. Provisional 
application Ser. 60/006327, filed Nov. 8 1995. 

Field of the invention: Improved methods and reagents for the manufacture of 
gel separation matrices for electrophoresis are described, as well as products of 
the improved methods or with the reagents. The reagents comprise 
photoinitiators. Gel formats which are novel with ethylenically-unsaturated 
monomers are described. 

Background: 

Gel electrophoresis is an analytical or preparative technique in which 
molecules are placed in a gel and an electric field is applied. The molecules are 
typically charged, and move through the gel under the influence of the electric 
field. In one embodiment, the gel serves only as an anticonvective matrix, and 
the molecules separate according to their ratio of charge to mass. More typically, 
the molecules interact with the gel to a significant extent, and larger molecules 
experience greater steric hindrance due to encountering the gel, and thus move 
more slowly. In either case, mixtures composed of multiple species of molecule 
can be separated into the component species, for either analytical or preparative 
purposes. When the electric field is turned off, the molecules of a given class are 
found in discrete areas of the gel ("bands" or "spots"), and can be detected and/or 
extracted as desired. 

Gels for electrophoresis made from in-situ polymerized and cross-linked 
acrylamide are critical materials in life science research and biotechnology. 
Protein molecular weights are normally evaluated by electrophoresis on 
polyacrylamide gels in the presence of denaturing detergents, such as "SDS" 
(sodium dodecyl sulfate), widely cited in scientific articles. Polyacrylamide gels 
are also used in the separation of small fragments of DNA. In particular, 
polyacrylamide gels containing urea or other denaturing agents are used for 
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increased by increasing the concentrations of peroxygen and carrier, but then the 
working time to cast the polymerizing mixture is significantly reduced. 

In the early 1960s, polyacrylamide gels were also polymerized by light 
("photopolymerized"), using riboflavin or its more soluble derivative, riboflavin 
phosphate. However, these gels also required hours to polymerize, were also 
oxygen-sensitive, and the polymerization reaction was no more reliable than the 
chemically-polymerized system. Riboflavin-catalyzed systems have fallen into 
disuse, and citations of riboflavin-polymerized gels in the scientific literature are 
now only historical. 

New photopolymerization systems have since been invented, typically for 
use in the formation of industrial coatings. The photoinitiator 2,2-dimethoxy-2- 
phenyl-acetophenone (DMPAP) and related compounds were disclosed by 
Sandner and Osborn in US patents 3,715,293 and 3,801,329. These patents disclose 
acetophenones di or tri-substituted at the 2 position, as improvements over 
acetophenones substituted at the 3, 4 and /or 4' position, analogous 
xanthophenones, and benzoin and its lower alkyl derivatives. Also disclosed are 
coatings, including colored coatings, in which a liquid ethylenically-unsaturated 
material is polymerized to a hard coating using the 2-acetophenones. Osborn 
and Tercker, US 3,759,807, disclose the combination of phenones, including 
certain acetophenones, xanthones, fluoroenones, and anthroquinones, in 
combination with certain amines, for example triethanolamine, for rapid 
photopolymerization of unsaturated compounds, including acrylamide. 
Compositions containing no water are of particular interest in all these 
applications. 

The acetophenones operate by a different mechanism than the flavins. 
DMPAP and relatives, on excitation by an appropriate wavelength of light, 
photo-dissociate into a pair of radicals. These appear to be highly effective in the 
polymerization of unsaturated materials. A recent example of their use is given 
by Hubbell et al, US 5,410,016, in the synthesis of hydrogels for in-vivo medical 
applications. Other systems disclosed by Hubbell et. al. as suitable as initiators for 
photopolymerization in acrylate-derivatized polyethylene glycols include eosin 
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or erythrosin, both derivatives of fluorescein, combined with ,n amine as 
transfer agent or co-initiator. The Hubbel. and the Osborn patents are hereby 
incorporated by reference. ™reoy 

Berner and Manse (US 4,609,612) disclose supplementation of 

benzophenones with benzoylcydohexanol in nw i 

, ' yaonexanol m photopolymenzation Reilly (US 

4,576,975) discloses carbonated analogs of "Mitchler's ketone" a 
diaminobenzophenone, as water-soluble photoinidators. Moffat et al (US 
S.449,724) and Li et al (Macromolecules 28:6692-93, 1995) disclose the use of 
mtroxides as initiators, although not as photoinitiators. 

Various monomers can be used in addition to the conventional 
acryiamide/ bis-acrylamide solution It is known in conventional chemically, 
poly™, gels to use hydroxyethylmethacrylate and other low-molecular 
weigh, acrylate-type compounds as monomers; these have been commercialized 
as Lone-Ranger gels. Use of polymers substituted with one or more acrylate- 
*pe groups has also been described in me literature ( Zewer, and Harrington, 
Electiophoresis 13:824-831, 1992), as especiaUy suitable for separations in mixed 
solvents of water with misdble organic solvents, such as alcoho. or acetone. 

In DNA electrophoresis, the most commonly-used gels are made of 
agarose, a seaweed extract. This material forms a thermoreversible gel on 
reduction of temperature. Since me reaction is no, affected by oxygen, ge, cassette 
design is less cons.ra.ned, and ge .s are often cas, in plastic containers, and with 
*e upper face exposed ,o air or buffer ("submarine gels"). However, agarose 
does no, generally have as fine a resolving capacity as acrylamlde and many gels 
for separating nucleic acids, such as DNA sequencing gels, are made by 
peroxygen-catalyzed polymerization of acrylamide. Since conventionally 
polymerized acrylamide gels (using peroxygens or riboflavins) canno, be cas, in 
the presence of significant oxygen, the options available for casting techniques 
are hmrted. In particular, me "open-face" gels typical of agarose, with 30 ,o 50% 
of fl,e,r surface exposed ,o oxygen during polymerization (and the res, of the 
surface area often exposed ,o plastic), canno, currently be made wi,h 
ethylenically-unsaturated monomers. 
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There are other considerations which must be satisfied in casting a gel 
suitable for the electrophoretic separation of molecules. 

First, the gel must have a suitable "format", in that it must be of an 
appropriate geometrical shape to perform the separation, and it must be placed in 
a suitable container, or electrophoresis cell, to allow the electric field to be 
applied, and for excess heat and evolved gas to be removed from the separation 
area. Gels for electrophoresis are generally either flattened rectangles, cast in a 
rectangular open box or closed cassette, or are cast as cylinders inside a tube. In 
current practice, tubes are generally of capillary dimensions (20-200 jimeter (fi) in 
inner diameter). 

Second, the gel must be generally uniform. Large fluctuations in the local 
concentration of the gel are clearly undesirable, and can significantly distort a 
separation (except where deliberately introduced, as in a "step" gradient gel.) A 
particularly troublesome microvariation is the formation of bubbles during the 
polymerization; these can sharply degrade performance, especially in capillaries. 
Local microvariations also degrade performance by causing excessive band 
broadening during the separation. Such microvariations are thought to arise 
from heating of the solution during polymerization. Conventional peroxygen 
polymerization reagents liberate additional heat during the polymerization 
reaction, further increasing the tendency towards distortions which are inherent 
in the normally exothermic polymerization of ethylenically unsaturated 
molecules. 

Summary of the Invention 

Novel reagents and methods for the formation of gels for electrophoresis from 
unsaturated monomers are disclosed, in which the speed and the oxygen- 
insensitivity of the improved photoinitiation system allows much more rapid 
preparation of gels, with less likelihood of leaking of the gel-forming solution 
from the casting device during gel preparation. Moreover, these properties make 
possible the "open" casting of electrophoresis gels of polyacrylamide and other 
monomers, and does not require the systematic exclusion of oxygen. The 
compositions also minimize bubble formation in the casting of gels, especially 
capillary gels. Likewise, improved compositions for forming electrophoresis 
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suitable for electrophoresis, comprising selecting as the initiator a photoinitiator 
other than a riboflavin, the photoinitiator being selected to permit the 
polymerization to a palpable gel of a mixture comprising 10% polyacrylamide 
and 0.5% methylenebisacrylamide in less than one hour, preferably less than 10 
min., more preferably less than about 2 min., at a light intensity, in a wavelength 
range functionally absorbable by the photoinitiator to permit initiation of 
polymerization, of 1000 mW/square centimeter, or more typically 100 mW/sq. 
cm., or even at light intensities suitable for consumer use, such as 30, 10 or 3 
mW/ sq. cm. A suitable light source for polymerization with some of the 
photoinitiators of the invention is the UV light box found in many laboratories 
for the visualization of stained DNA. 

In a further aspect, the invention comprises a method of separating 
molecules, comprising using a gel which has been photopolymerized with a 
non-riboflavin photoinitiator as a matrix for electrophoresis. Also provided is a 
gel for the electrophoretic separation of molecules which has been 
photopolymerized with a non-riboflavin photoinitiator. Likewise provided is a 
gel made of ethylenically unsaturated monomers, wherein the gel is formed by 
photopolymerization while having more than 10% of its surface, particularly 
more than 20% of its surface, and in some embodiments more than 30% or 40% 
of its surface, exposed to air or oxygen. Similarly provided is a gel made of 
ethylenically unsaturated monomers, wherein the gel is formed by 
photopolymerization in the presence of shape-forming constraints which are 
substantially formed of plastic. 

The invention further comprises a method for forming a gradient in a gel 
suitable for electrophoresis, comprising using as an initiator of gel formation, in 
a composition capable of forming a gel suitable for electrophoresis, a 
photoinitiator other than a riboflavin, and imposing a gradient of exposure to 
light during the polymerization of the gel, the light having a wavelength of 
about 200 to about 1500 nanometers. Also provided is a gradient gel suitable for 
electrophoresis, where the gradient is formed by using as an initiator of gel 
formation, in a composition capable of forming a gel suitable for electrophoresis, 
a photoinitiator other than a riboflavin, and imposing a gradient of exposure to 

SUBSTITUTE SHEET (RULE 26) 



DOCID: <WO 9717384A1J_> 



WO 97/1 7384 _ 

PCT/US96/17918 

8 

light during the polymerization of the gel, the light having a wavelength of 
about 200 to about 1500 nanometers. 



Detailed description of th*> mvf ntitrn 

It has been discovered that with the use of certain initiators it is possible to 
make gels suitable for the electrophoretic separation of macromolecules by 
Photopolvmf ration in a rapid and reliable way that is insensitive to oxygen 
concentration and requires only the intensity of light sources commonly found 
in laboratories. The required time of exposure to light is significantly shorter 
than the rime required by prior-art electrophoresis systems. Polymerization in 
the presence of oxygen also differentiates the invention from the prior art- in 
particular, it is possible to polymerize a gel of density and uniformity sufficient 
for electrophoresis in less than ten minutes, even in the presence of oxygen, with 
the unproved reagents and methods of the invention. 

In the discussion below, the word "derivative" means the covalent 
conjugation of the root compound being discussed with relatively small 
substituents, typically of molecular weight less than about 300 daltons. Thus 
acrylate methyl ester, methacrylic acid and crotonic acid are each a methyl 
derivative of acrylic acid; 2,2-dimethyl-2-phenyl acetophenone is a derivative of 
acetophenone; etc. 

FhotOinitiatorr A key feature of the invention is a new initiator svstem for the 
formation of gels for electrophoresis, comprising a photoinitiator (other than a 
riboflavin or derivative) and optionally an amine transfer agent, for example 
tnethanolamine (TEOA, or 'TO" in the Examples below). This system replaces 
the currently-favored chemical initiation system for formation of electrophoresis 
gels, which comprises a peroxygen (typically ammonium persulfate) and an 
amine transfer agent (usually TEMED, tetraethylmethylene diamine). In this 
discussion, the term "photoinitiator" includes related materials such as 
photosensitizes The photoinitiators are selected from any of several chemical 
classes, which include acetophenones and benzophenones (collectively 
"phenones"), multi-ringed quinones, fluoresceins, azobisnitriles, and derivatives 
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thereof. Suitable initiators include acetophenones di or tri-substituted at the 2 
position, acetophenones substituted at the 3, 4 and/or 4' position, analogous 
benzoquinones and xanthophenones, benzoin and its lower alkyl derivatives, 
xanthones, fluoroenones, anthroquinones, fluorescein and derivatives 
including eosin or erythrosin, and nitroxides. Preferred examples of initiators 
include 2,2-dimethoxy-2-phenyl acetophenone, and eosin Y. 

Initiators of the invention, when used as reagents or in methods for 
making reagents or gels, can be distinguished over prior-art polymerization 
systems by conferring at least one of the following properties on the improved 
compositions and methods of the invention, in comparison with the prior art: 

1. Rapid polymerization. The time of polymerization can be reduced to 
below 5 minutes, preferably to below 1 minute, by increasing the intensity of 
light, while producing gels of a suitable quality. 

2. Oxygen insensitivity. The gel can be cast without exclusion of oxygen, 
as an open system (''submarine" gel) or in the presence of non-degassed plastic. 
(However, degassing of the gel-forming solution may still be preferred to 
minimize bubble formation during polymerization.) 

3. Decreased formation of bubbles compared to equivalent prior-art 
systems. 

Concentrations : Initiator concentrations may range from less than 1 ppm (parts 
per million, wt reagent/wt solvent) to over 10,000 ppm. More typical 
concentrations are in the range of 5 to 1000 ppm. Concentrations of 20 to 200 
ppm are usually preferred. The exact optimal concentration will be selected as a 
trade-off among several factors, including intensity of the available light source 
(weaker sources require higher initiator concentrations), minimum time 
required or preferred for the gel-forming polymerization (shorter times require 
higher initiator concentrations), and possible interaction of the initiator system 
components with the molecules to be analyzed by electrophoresis (more 
interaction favors lower initiator concentrations.) Given an initially useful 
composition, optimization can be achieved for a particular system by routine 
experimentation. It is customary to optimize a gel system for any novel 
application, and methods of gel optimization are well known. For example, a 
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solubilization is required. The surfactant must contain a hydrophobic region 
which can solubilize the photoinitiator, and a hydrophilic region of sufficient 
extent to create micelles, having a hydrophobic core, which are fully dispersed in 
water. Most water soluble surfactants will satisfy this criterion. In addition, the 
surfactant must be compatible with the molecule(s) to be separated, and with the 
separation procedure. For separation of nucleic acids, a wide variety of 
surfactants are compatible. These include SDS (sodium dodecyl sulfate), Triton® 
X-100 (polyoxyethylene nonylphenyl ether), polyoxyethylene-fatty acid esters and 
ethers ("E8C12"), polyoxyethylene conjugates of fatty-acid derivatized sugars, 
such as the Tween®, Span® and Brij® surfactants, and water-soluble members 
of the poloxamer and meroxapol families. In general, non-ionic surfactants are 
preferred; however, SDS is often acceptable because of its high CMC (critical 
micelle concentration) and its known compatibility with nucleic acids in some 
separation procedures. For use in procedures requiring fluorescent detection of 
the separated molecules, the detergent should have little or no UV light 
absorption, or fluorescence. This will make detergents with benzene rings (such 
as Triton X-100) less preferred, and may require purification of detergents to 
remove such impurities. Methods for doing so are known, and include passage 
of reagents over activated charcoal or hydrophobic materials such as polystyrene 
beads. 

The final concentration of detergent in the mixture to be polymerized 
needs to be sufficient to maintain solubility of the photoinitiator. This will vary 
with surfactant and with photoinitiator, but will typically be about 0.05% to 2.0% 
(w/v), more typically 0.1 to 0.5%. In DNA sequencing, and in some other types of 
nucleic acid separations, high concentrations of non-surfactant denaturants (for 
example, urea, formamide or dimethylformamide) are used. Reduction in final 
surfactant concentration, or elimination of surfactant, may be possible for gel- 
forming compositions and formed gels used in these separations. The detergent 
needed for maintenance of solubility of the photoinitiator may either be added in 
a stock solution with the initiator, or added separately to the solution. Where 
practical, combination of the total surfactant requirement with the photoinitiator 
is preferred for simplicity. 

An alternative means of insuring solubility of the initiator, where 
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and photoemitting diodes. There is no requirement for monochromicity or 
parallelism of the beam. It is preferable for the source to have reasonable 
uniformity in its emissions over the area of the gel being polymerized. This is 
conveniently achieved by use of diffusers. Preferred sources, because of their 
ready availability, include UV light boxes used for detection of DNA in gels, and 
inexpensive sources such as hand-held UV lights (e.g., Fisher Scientific catalog). 

Gel-forming monomers: Any substantially-water-soluble molecule containing a 
photopolymerizable reactive group, in combination with a material which can 
form cross-links, is suitable for formation of gels for electrophoresis by the 
methods of the invention, provided that the combination, once polymerized, 
forms a gel suitable for the particular type of electrophoresis. Exemplary 
materials include acrylamide, in combination with methylene-bis-acrylamide or 
other known crosslinkers; hydroyethylmethacrylate and other low-molecular 
weight (less than about 300 daltons) derivatives of acrylic acid, methacrylic acid, 
and alkyl-substituted derivatives thereof, such as crotonic acid; vinyl pyrrolidone 
and other low-molecular weight vinyl and allyl compounds; vinylic, allylic, 
acrylic and methacrylic derivatives of non-ionic polymers, including such 
derivatives of agarose ("Acrylaide" crosslinker, FMC Corp.), dextran, and other 
polysaccharides and derivatives, such as cellulose derivatives including 
hydroxyethyl cellulose; polyvinyl alcohol; monomeric, oligomeric and 
polymeric derivatives of glycols, including polymers of ethylene oxide, 
propylene oxide, butylene oxide, and copolymers thereof; acryl, vinyl or allyl 
derivatives of other water-compatible polymers, such as polyHEMA 
(polyhydroxyethyl acrylic acid), polymeric N-isopropyl acrylamide (which is 
temperature-sensitive), maleic-acid polymers and copolymers, partially 
hydrolysed EVAC (polymer of ethylene with vinyl acetate), ethyleneimine, 
polyaminoacids, polynucleotides, and copolymers of the subunits of these with 
each other and with more hydrophobic compounds such as pyridine, 
pyrrolidone, oxazolidine, styrene, and hydroxyacids. Nonionic compounds are 
preferred; acrylamide is especially preferred. The polymerizable materials need 
not be entirely water-soluble, especially when solvents or surfactants are 
included in the gel-forming solution. Methods for making polymerizable 
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derivatives of common polymers are known in the art; for example, addition of 
ally! glycrdy, ether to hydroxy! groups is known, as is es.erification of hydroxyls 
w^ acas. anhydrides or acy, chiorides, such as acryiic anhydride. Amines are 
readdy denvatized with acyl anhydrides or chiorides 

Many of the derivatized polymers described above will contain more man 
one reactive group, and so are seU-crosslinking. Addition of a crosslinking agent 
whrch comams on average more «han one reactive group per molecule, is ' 
requu-ed for formation of gels from monomers which have only one reactive 
group, such as acrylamide. These include, in addition to multiply-derivatized 
polymers, methylene bi,acry,amide, ethylene glycol diacrylate, and other small 
molecules w«h more than one ethylenicaUy-unsatura.ed functionality, such as 
acryl, vinyl or allyl. y 

Gel forir^; 

The reagents for forming gels of the invention may be formed into any 
converuen, shape, provided ma, the shape is suitable for an electrophoresis 
separation, and is sufficiently reproducible to allow accurate analysis or 
punhcation. Such gels may be cast within dassical cassettes, which generally 
cons,s, of two plates of g!ass, separated by spacers, and blocked a, a lower edge by a 
temporary fluid-retaining means to retain the polymerization mixture in L 
cassette until gelled. Examples of such cassettes are in common use for the 
aTr^H 0 ' r ,einS a,>d ° f Ca *° h ^ tes - ™> » *e sequencing of nudeic 

" dUde CaPiUarieS ' " WWCh ,he ^-'"^ mixture is 
mtroduced by capillary action or by a pump, and is retained in the capillary 

dunng polymerization by capillary action or by the blocking of one end. A third 
sigruftcant form is the open-cast gel, which has until now only been achievable 
With polymers geWng by therma. or ionic means. These are mos, commonly 
used erther as "submarine" gels, for separation of nucleic acids, or as thin gels 
w,th a planar surface exposed to air, normally supported on a planar plastic 
support, for the separation of dinicaUy^ignificant proteins, such as those of 
serum or cerebrospinal fluid. 

Because of the enhanced controllability of the gel-forming reagents of the 
mvention. free-radica. po.ymerized gels can be made in formats no, previously 
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practical. One example, noted above, is the creation of "submarine"-type gels 
from polymerizable ethylenically-unsaturated monomers; such gels could only 
be made from thermogelling monomers, such as agarose, in the prior art. As 
another example, it is currently tedious to make "gradient" gels by any method. 
In a gradient gel, the density, either of concentration or of crosslinking or both, of 
the separation matrix varies systematically through the length of the gel (or in 
some cases, the width), usually from a lower density at the point of sample 
application to a higher density at the distal end of the gel. In a rapidly- 
photopolymerized gel, a gradient of final polymer concentration or crosslink 
density can be created in the gel by use of a variable-density optical filter, or 
"wedge", which absorbs light differently in different regions. By use of an optical 
wedge, a polymer gradient can be created even in a uniform and unconstrained 
gel, such as a submarine-style gel. Thus, when the presence of un-polymerized 
monomer and/or crosslinker is acceptable in the electrophoretic separation, it is 
as easy to make a gradient gel, with the present invention, as it is to make a 
linear, non-gradient gel. It is further possible to make a gradient gel in formats 
in which such a gel was not practically possible, such as in open-cast horizontal 
formats including submarine gels and clinical gels. 

A particularly attractive use for the improvement in separation possible 
for such gels is the DNA sequencing gel, where the number of bases readable in a 
lane can be increased by using a gradient. Moreover, a sequencing gel can easily 
be cast in an open horizontal configuration with the new reagents, optionally 
with a gradient. This enables mass production of such gels, which can be 
supported on a polymer film as described in the literature. Application of a gel- 
forming mixture of the invention onto a belt, or a moving roll of polymer film, 
with thickness controlled either by the means of deposition, such as a transfer 
roll, and/or by positive thickness control after deposition, for example by a 
"doctor blade" (levelling edge), followed by controlled illumination, optionally 
through a mask to impose a gradient, will produce a uniform or gradient gel. 
Using the reagents of the invention, such a process can be simpler and faster 
than analogous procedures described in the art, for example by Fuji Photo Film. 
Because exclusion of oxygen is not required, such processes can also be more 
efficient. 
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recine TZ " T aUy fUnC,i0na, 8el ^ " is *»» «o optimize that 

rr 0 'r r nceinaparacuiarseparaiion c^^i^r 

such -P— » . best acquired in prelim, experiments; other 

formation using the methods and reagents of th„ ;™ k 

ica e ei »ts ot the invention are descriheH Tk„ 
are mtended to be illustrative rather .h a „ u aescnbed. These 

1: Time tn p^ly^-rj-g in 

A standard acrylamide/bis-acrylamide ("bis") monomer mixture is 
prepared essentially according to Uemmli (described in Sambroolc 
Molecular Cloning, Cold Spring Harbor Press- d is.7#fi . 
to bis of 191 »nrt , « ,. . oroorrres^p • 18.47 ff.), at a raho of acrylamide 

bu^lr rl' ' m0n0mer OTn ™°« <* * in standard TBE 

buffer ( tns /borate/EDTA, 89/89/1 mM, p H about 8 4) About 1 m 1 „, 

nuxfure is dispensed into test tube, and JLors are 17 1 H *?~ 

or no,. A gel detected by either method, or by any other method that relieToT 
*e phys.ca. coherence of me gel, may be called a "palpable" gel. fc certain 

zz t: r b meniscus does no * gei - but the so,utfon - " - 

nZ, K? 15 SU PP'~ d b V --don of a toothpick into the 

T1Z S T 8e ' ati0n - * Slandard -*» ° f when ulg 

o, h M r °' ^ imenSi,y ° f - — "V box for visua U In 

1Z brom.de-s.amed DNA, mixtures containing either DMPAP or ^in 

™Z C ~" ab °- » - 1000 ppm, and at .east ,00 ppm o7 

™ or TEOA, will polymerize. The exact concentration o, 1™^! L 
chosen based on a tradeoff between minimization of initiator con^on 
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and adequate speed of polymerization for the light source available. 

2: Test polymerization of gels in submarine mode. 

Using the preliminary conditions of the previous experiment, a 
submarine electrophoretic gel casting solution is made by preparation of a 
mixture containing reagents according to Laemmli with the replacement of the 
APS with the appropriate amount of initiator. The mixture is poured into the 
casting tray of a conventional submarine mini-gel electrophoresis cell, and is 
then polymerized by application of light for a suitable time determined from the 
previous experiment, such as 10 minutes, to ensure complete polymerization. 
After the solution gels, the comb is removed, and samples of molecular weight 
standards of either DNA or protein are placed in the wells. Electrophoresis is 
conducted under conventional conditions, and resolution of the samples is 
obtained. 

It is thus verified that "submarine" gels can be cast with conventional 
reagents, such as acrylamide, if the novel initiators and processes of the 
invention are used. This is not possible with prior-art acrylate-based acrylamide 
gels. Once efficacy is affirmed, then the initiator concentration is systematically 
reduced from the starting level, or the time of exposure is systematically reduced, 
until the polymerization time is in a desirable range, typically one minute or 
less, and the initiator concentration is a low as possible. 

-3. Non-acrvlamirie monomers. 

Because of the higher effectiveness of the inventive systems in the presence of 
oxygen, compared to the conventional systems (peroxides or riboflavins as 
initiators), virtually any ethylenically-unsaturated compound is potentially of 
use in the invention, provided that its other properties are compatible with the 
formation of electrophoresis gels and the separation of samples by 
electrophoresis. These include the monomers listed above, and others with 
similar characteristics. To determine the suitability of a given monomer and /or 
crosslinker in formulations of the invention, trial gel mixtures are made, and 
polymerized initially with the concentrations of initiator and of other reagents 
determined as described above. After determining both the time to polymerize, 
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of mcecu.es compared ,o standards (Rft ft. concenfraoon of 
ophmrzed for the particular monomer system. Not a„ combinations o 
monomers and crosslink will be suitable for electrophoresis, bu, suitable 
compos.uons are easily determined, validated and optimized in such 
expenments. Candidate monomers and/or crossovers not currently in wide 
use „ electrophoresis include ally, alcohol, HEMA (h y droxyeth y ,(me m wte, 
polyethylene glycol monoacrylate. polyethytene glycol dlacry^eC^ I 
monoaeryh, te ethylene glycol diacry.ate, vinylcaprolactam, viny.pyLulnT 

c^ulTand I™"' aUyl8,yddyl deriVatiVK ° f "° of ' 
ceUulose nd denvahves, vinyl acetate, and other mo.ecules containing one or 
more acryl, vinyl or allyl groups. 

The molecules for polymerization mus, be soluble in the solvent system 
used for elecn-opnoresis of me particular motecule to be analysed. ,o a sIlZ 
extent o provide the reouited sieving power. For example. acrylamlde ^ 
normaiiy contain 5% to 20% by weigh, o, acrylamide. and the monomer must be 
ohtble to a, leas, that extent in the solvent used. The solven, is normally w,^ 
bu, may also contain surfacfants. or water-miscible organic so.vents; i, is L 
hmtnn solubility or dispersibUity of fte ethylenically-unsaturated monomer in 

^'th J! "? °' ° rganiC SO,VCTB - » a^/or 

rjffound 7b r' aC,antS - m0n ° merS SUCh " °< ~y 

also be found to be of use ,n electrophoresis using the methods of the invention 

Thus. ^ ^ o, me compositions and methods of the invention allows a Tde 
range of unsaturated monomers to be used in me formation o, ge,s for 
elettrophoresis. 6 

4. Phntn.^iHn^., 

A variety of photomibators and photosensitizes (collectively referred to 
as phototnitiators" herein, are suitable for me present invention. 
Pho,o.m,ia,ors have the ability ,o initiate a free-radical, canonic or anionic 
polymertzanon reacbon in a solution containing ethylenically-unsaturated 
monomers under me influence o, light The wavelengm of the light is most 
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commonly UV-A, UV-B, or visible, but may range from far UV (200 nm 
wavelength) to near infrared (1500 nm). Photosensitizers are sometimes 
distinguished from photoinitiators by requiring the presence of an auxiliary 
agent, such as an amine, to transfer electronic excitation from the photosensitizer 
to the ethylenically-unsaturated compound. Such agents are known optional 
ingredients for use in conjunction with photoinitiators, to make the reaction 
more efficient. All of these systems are referred to as "photoinitiators" in 
description of the present invention. 

Photoinitiators are tested for suitability in the invention as follows: 

A) . A composition known to be suitable for the preparation of a gel useful in 
electrophoresis is prepared, excluding an initiation system. For example, a 
mixture of monomers, crosslinkers, buffers and denaturants (if required) would 
be prepared as an aqueous solution at appropriate compositions of the various 
ingredients. The concentrations will typically be somewhat higher than those 
desired in the final post-polymerization gel, to allow a volume of initiator to be 
tested to be added. Typically, 5 to 10% of the final volume will be reserved for 
the initiator solution, although the volume in which the initiator is added may 
range from about 50% to less than 0.01% of the final solution volume. 

B) . The initiator to be tested is added at a range of concentrations to the gel- 
forming solution. Final concentrations of the initiator in the gel-forming 
solution may range from less than 1 ppm (parts per million) to more than 10,000 
ppm. Varying concentrations by factors of about 3 is an efficient method for 
initial evaluation (e.g., 1, 3, 10, 30, 100, 300, 1000, 3000, 10,000 ppm). If the initiator 
is not sufficiently soluble in water to prepare a stock solution, where the initiator 
stock solution will be diluted by a factor of 2 or more in the preparation of the 
final solution for polymerization, then a suitable surfactant or organic solvent 
will be used to solubilize the initiator. (Surfactant selection was discussed 
above.) 

C) . The test initiator solutions, preferably accompanied by a negative control (no 
initiator) and a positive control (an initiator known to work), are exposed to light 
of an appropriate wavelength and intensity and for a known amount of time. 
The time may be variable, in that exposure to the light is continued until the 
solution gels, or up to an upper exposure time, and the time of gelation is 
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recorded. Test solutions are evaluated for «.] a «™ n ^ 
nn¥im , uai ea ror gelation. Based on these results 

optimal concentrations of an initiator can be chosen if th* . • 
effective. c ™>sen, if the initiator is actually 

5- Transfer arpnfs accelerator.; ^ r r ., n , rtatT Trff 

of efflciency can ta achieved addition 

*«*r agents accelerators, co-inidalors and the .Uce. Selecdon „, such agents 

a sLleTr " ' ' SUi,aWC - Photoinitiato, alongtith 

a smtable Itgh, mtenslty , wavelength , and ^ Qf 

Expenments are conducted as described in the preceding section. 
Operational F*f»mpi ?f 



atvU H ,f W6rc PrePared to rontain (fiMl »~.ions) ,0% w/v 

8, and vanable concentrations of dimemoxyphenylacetophenone nJU 
rangtng from approximately 1600 parts p er milUon (ppm; w,/vol) down to abou, 
LTT % / ,/V0 ' «° d «- ("SDS"). The DMP was 

coUo da suspense), which was further diluted in 3-fold diluHons to obtain a 
series of working dilutions. 

Aliquot, of 1 ml of each dilution were placed in small tes, tubes and 
exposed to a long-wave UV ( - W -B") light source, a hand-held model UVL-56 
Blak-Ray® lamp made by UVP of I r- « . * 

c,- u. ^ O' Upland, CA and obtained from Fisher 

Scenhfic. The peak intensity is stated to be near 366 nm 

formal TT" 1 " * <* each lube for ge. 

s>2 ,1 ^ 6 * e *- m ° S * «™«ed mixtures (5000 ppm 

T ti " Tk^ ' " d V3 r83 ° PPm ^ - »/» <"275 Ppm f2") 
dtlubons of this) gelled in abou, 30-50 sec., 70-80 sec. and 120-150 sec 

respecdvely. U-wer concentradons did no, ge. in 15 minutes. Controls no, 
exposed to the lamp also did not gel. 
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Example 2. Emulation of submarine g ?l 

At the 500 ppm final level, 30 ml of solution was prepared as in Example 1 
and poured into a rectangular plastic box (the lid of a pipet tip rack). The lamp 
was placed on top of the box and turned on. After 2 minutes, gelation had begun. 
At 5 min., there was a layer of gel on the entire bottom of the solution, and a thin 
layer of fluid on top. The solution was almost entirely gelled at 7 minutes. The 
gel was rinsed and its texture was evaluated by hand. It felt comparable to a 
standard 10% acrylamide gel prepared by standard methods. 

Examples 1 and 2 demonstrate that it is straightforward to find operative 
conditions for the production of gels of the invention. 

Exampl e 3. Photoinitiation with Eosin V 

A commercial 5% solution of Eosin Y was serially diluted in the TO buffer 
of Example 1 and mixed 1:1 with a 20% stock of acrylamide/bis in TO. Final 
eosin concentrations ranged from 25,000 ppm (2.5%) down to about 0.4 ppm. 
Solutions were tested with both the long-wave UV light, and with a green light. 
The green light was a "Unilamp" obtained from Midwest Scientific Co., Mission, 
Kansas; it is believed to select green light from a fluorescent-type bulb, and was 
designed for inspection of optical components for flatness. Eosin is known to 
absorb in the green and fluoresce. 

In the UV, an optimum concentration of eosin was observed. 
Concentrations of 11 to 34 ppm gelled in less than 1 min., and concentrations of 
100 to 900 ppm partially gelled in 1 min., and completed gelation on further 
standing, with or without continued exposure to UV. Green was ineffective 
with these solutions. Concentrations of 2500 ppm or above, or 4 ppm or below, 
did not gel even with UV for 5 min. or more. 

Thus, the range of 34 to 103 ppm was approximately optimal. 

Example 4- Effects Of Puffer Substitution and Electr o n Transfer A g < > m 

The TO buffer of examples 1 and 3 was replaced with standard "TBE" 
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v vym 01 eosin, no gelation was observed out to i n 
minutes in the UV. However if »x„ .1 - »ervea out to 10 

uv. rtowever, if the electron carrier TEMED was added at ?nnn 
ppm, then gelation occurred in 2 to 3 minutes. 



Examples Prep a ration and FlnrrrnnK^ rf , ^ jm ^ 

SO ml of a solution containing 8% acrylamide/bis, IX TBE (90 mM) 2 
mtcrohter TEMED „d 2 tnicrohter 5% Eosin per nt, solution) was P ™ and 
poured tnto the casting chamber o, a standard submarine mini-ge a^Itit 
and a welMorming comb was inserted. The solution was iUumL edTthe 

z:r "v" 0 " 1 5 ^ to ° b,ain a ^ «-• - - £ - «-* » 

electrophorests ceU, submerged in IX TBE, and DNA molecular weight standards 
m bromphenol blue dye were loaded into the wells 

mierat? aPP ' iCat ' 0n " "» ^ P 01 "^' *• b-mphenol blue 

TZT " T ^ " eXPeCted ' H ~' DNA "as noLetected 
af^r statrung wtth ethidium bromide, probably due to interference by residt, 

* m tia^ „ 1ri nr 

Ustng reagents as in previous examples, but 
eth^ol a 0.5% ,5000 P ptn), the polymeria of Ac/Bis was compared « 0 
ppm photomitiator in eosin vs DMPAP each a . ion ™ , > 
(Hostn) vs ,00 pp m ( OM PAP) in UV, in ^ 

12 W T " ^ ^ With ° Ut ™ ; in Po'y-rlzation with 

Zw7 T" 8 ' th ° U8h With ° Ut mn,rol fot intensity. The 
following results were obtained: 

^ ^ " ab ° U * 5 "° «— *>« Polymerized, but a, 6 min.. ,/2 of the 
tirbes had polymery with DMPAP in TO ± TEMED, and in TBE + TEMED Bv 

Ced ast so% of au condiHo - had >»*»— ~* *>< "MPiSi 
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2. In green light, no DMPAP test polymerized, as expected. Eosin with TO ± 
TEMED polymerized at 15 to 20 min, and Eosin in TBE with TEMED (but not 
without) polymerized by 20 min. 

These experiments, performed in about 4 hours, demonstrate the ease of 
comparative selection of conditions for forming photopolymerizable gel 
compositions. 

Example 7. Polymerization of PEG-diAc 

Solutions were made which contained 10% (V/V) of PEGdiAc 
(polyethyleneglycol-400-diacrylate, from Aldrich Chemical) and buffers and 
initiators as above. TEMED concentrations were only 0.5 microliter/ml, 500 
ppm, about 25% of the previous concentration. 

Under similar conditions as above, it was found that no mixture polymerized 
after 5' of alternate side and top illumination (1 min. each) with UV. At 6 min, 
the front (but not back) of each pair, i.e., the tube closer to the side illumination, 
polymerized under P/TO ± D conditions, i.e., with DMPAP at 100 ppm in TO 
buffer with or without TEMED. At 10 min., both members of the P/TO pairs 
were polymerized, and the front member of the PB/PBD pairs had gelled. At 12 
min., no further samples had gelled. 

Ammonium persulfate was added to the '"back" member of all Eosin samples 
after 12 min. of UV light exposure. At 15 min, the E/TO and E/TO/TEMED 
samples had gelled. The other members of each pair had not gelled in the UV. 

The green light source was used on the residual ("front") E samples, and APS 
was added to the non-gelled P samples, which were removed from light 
exposure. After about 4 min., the E/TO samples had gelled in the green light. 
The gels were less turbid than the UV-gelled or the APS-gelled samples. An 
additional 7 min. of green exposure produced no significant changes. 

Formed gels were scraped out of the test tubes and their mechanical properties 

SUBSTITUTE SHEET (RULE 26) 

DOC ID: <WO 9717384A1_|_> 



WO 97/17384 _ 

PCT/US96/17918 

24 

were qualitatively evaluated bv hand ThnPrr^ A 

bv apq , J Y 6 PEGdlAc gels polymerized by UV or 

by APS were white, crumblv and "rfn," *» *k * u ^ 
, * X ' ™y to tol »ch, even though of similar 

water content to other eels The mi n ™i ■ similar 
Ac/Bis 'TAG" «i„ f eOSm -P ol ^ e ^ aPS gels were more like the 

TAG Sels made m previous experiments. 

Since it has been reported in the literature by Harrington that gels suitable for 
^-ophoresas can be made from PEGdiAc monomers, clearly the PEG £L 
can be adjusted to give gels of the appropriate physical consistency. 

What this experiment with PEGdiAc demonstrates is that: 

L Gelation in a reasonable time can be achieved on the first trial of extrapolation 
to a new monomer system. Thus, only a reasonable amount of experime^uT 
xs required to extend a known set of results to a new area. 

2- The general pattern observed with AcBis gels holds with PEGdiAc gels with 

r;™ 01151 ™ MEE> *" ** Effect; eosin is effective in green ^in 

eTf Z'm T " ^ ME ° TO are much more 

effective m polymerization than TBE buffers. 

Bamplg 6 BMa and n . | nh , , , for ..i.^ ^. 

8 f ^ fr ° m 40 ml - «* -/bis in 1% TBE with 0.1% 
SDS and 200 nucrohters each of TEMED and Eosin stock in 50 ml. The casta, 
*ay was ptaced on top of the acuve surface of the green Ugh, source^! 
btgger than the tray), and the source was in turn balanced on the hoLnti 
electrophoresis tray for leveling. This setup anticipates the expected end 
~er" use of the invention, by using a UV or visible "ligh.L" for 
polymerization of such gels. 

Under green iUumination, polymerization was complete in about 10 min. 

After 10 mm. pre-electrophoresis, protein samples were applied (Sigma 
wide-range protein standards, cat. no M-4038> in a J» . \ 
microliters in the eight wells ElectrnnH 1 * 8 

about 80 mA TK T 7 Electro P h oresis was begun at 150 volts, giving 

80 mA. The dye front moved into the gel. After 25 min, the dye front was 
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no longer visible. On inspection, the buffer was warm to the touch, and the gel 
was hot. The gel was placed to stain. A new gel was cast, using the same 
conditions as above but with 30 ml gel, containing 1/10 of the Eosin (20 ppm). 
This gel also set in less than 10 min. It was loaded without preelectrophoresis 
and run at 50 V for 2 hrs. Possible bands were seen at 1 and 2 cm from the origin. 
The gel was stained in Coomassie Blue (Sigma ) and destained in a mixture 
containing 40% "rubbing alcohol" (70% isopropanol) and 60% "distilled vinegar" 
(about 5% acetic acid). 

A sample of the latter gel-forming mixture (20 ppm eosin) was exposed to 
daylight. It gelled in less than 1 min., at an ambient temperature of about 40 deg. 
Fahrenheit. 

After two days of destaining, bands were seen in both the first and second 
submarine gels. In the first gel, after three days of destaining, at least 9 bands 
could be seen. Bands in the second gel were clearer, showing at least 10 bands 
(out of 13) across the central wells, in about the first centimeter of gel below the 
wells. The bands were sharp and easily discriminated. 

Example 9. Vertical Gel. 

A vertical gel was cast between glass plates with 0.5 mm spacers, using 6.4% 
Ac/Bis, 100 ppm DMPAP, 0.045 M TO buffer ("0.5 X"), 0.1% SDS, 2000 ppm 
TEMED. Setting required between 5 and 10 min. in near UV The cassette leaked 
during the procedure, and was refilled by addition to the top while polymerizing; 
the leak was sealed, and a full cassette was polymerized. Proteins were loaded 
and run for 1.5 hr at 150 V, 24-30 mA. The gel was stained in Coomassie blue and 
destained; it destained to readability overnight. At least two bands were seen in 
the area below the wells. Patterns in the lower part of the gel were distorted, 
perhaps as a result of the difficulties of casting. 

Lessons to be learned from examples 8 and 9 include: 

1. Gels of standard formats, both in cassettes and in "submarine" mode, 
can be made by use of the initiators and methods of the invention. 

2. The technology appears to be suitable for industrial fabrication of gels 
for later use ("prefabricated gels"). In particular, the increase of light intensity 
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from an inexpensive lamp to full daylight tea i w/ 

po.ymeru.Hon time to £ than 1 nTnut Use Z - 7"" 

Xenon .amp, .asers, or bussed * ~ ^ "* " 

little as one second Ontf» n * „ , , 6 8eIat, ° n Hme to as 

-ngPe^rthana 

contact w.th plastic support Alms, with exposure to the atmLh ^ 
feasible witn conventional peroxygen-based techn^uts ? " " 

3. Because of the number of variable? an H « • 
P~pann g ge b f or e,ecti-op h oresls, a J^S^Z^T ^ ^ 

these systems, ,t may be possible to prepare solutions which contain all the 
dlummation m me cassette, optionally after reconstitution with water 
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Claims; 

1. An improved composition for the preparation of photopolymerizable gels for 
electrophoresis, wherein the composition comprises: 

a) an ethylenically unsaturated monomer, containing on average 1.0 or 
more units of ethylenic unsaturation; 

b) a crosslinking agent containing on average more than 1.0 units of 
ethylenic unsaturation, which may be the same as the monomer; 

c) and a solvent, comprising 50% or more of the weight of the solution, 
wherein the solvent is buffered and is suitable for the electrophoretic separation 
of at least one mixture of molecular species; 

the improvement comprising use of a photoinitiator system to polymerize 
the gel, in which the photoinitiator is not a riboflavin, the system comprising a 
photoinitiator and suitable transfer agents. 

2. A composition as in claim 1, in which the photoinitiator is selected from a 
phenone including an acetophenone or benzophenone, a fluorescein, a quinone, 
a hindered amine light stabilizer, a xanthone, a fluoroenone, an anthroquinone, 
an azobis nitrile, a derivative thereof, and a mixture thereof. 

3. A composition as in claim 1, in which the initiator is selected from an 
acetophenone di or tri-substituted at the 2 position, an acetophenone substituted 
at the 3, 4 and/or 4' position, an analogously-substituted xanthophenone, 
benzoin or its lower alkyl derivatives, and fluorescein and derivatives thereof 
including eosin or erythrosin. 

4. A composition as in claim 3, in which the initiator is selected from 2,2- 
dimethoxy-2-phenyl acetophenone and eosin. 

5. A composition as in any of claims 1-4, in which at least 20% by weight of the 
monomer is selected from acrylamide, methacrylamide, 

hydroxyethylmethacrylate, ethylenically-unsaturated esters or ethers of nonionic 
polymers, nonionic vinyl-amine compounds including N-vinyl pyrrolidone, 
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and mixtures thereof. 

6. A composiaon as in any of claims ,- 5 , in which the aamfei 

nitrogen- or suuur-containing molecule, preferably a ternary amL sui^eTor 

ethylerucaUy unsaturated monomer. 

oh 0 tr, th ° d fM PreParin8 8 e,e *°P« *e method comprising 

Photopolymenzmg a composition in a suitable container, wherein the 
composition comprises: 

a) an ethylenicaUy unsaturated monomer, containing on average 1 0 or 
more units of ethylenic unsaturaaon; 8 

ethvlel 3 CT0 l Slinkin8 ^ « -erage more than 1.0 units of 

ethylene unsaturate, which may be the same as the monomer- 

e) a photoiniaator system, in which the photoiniHator is no. a riboflavin 

d) a " d a buffe red comprising 50% or more of the weigh, of the ' 

solution, whetein the solvent is suitab.e for me eiecti-ophoreHc separadon cTat 

least one mixture of molecular species. 

8. A method of preparing a gel for electrophoresis according to claim 7 
comprising selecung as the initiator a photoiniHator other than a riboflavin the 
photoiniaator concentradon beine selected t n . .u , 
Daloable «l „f . ■ - selected to permit the polymerization to a 

palpable gel of a mixture comprising 10% polyacrylamide and 0.5% 
methyienebisacrylamide in an alkaline buffered soluHon containing 100 ppm or 
more of teuante^emytenediamine, in less than 10 minutes, a, a ugh 111 
of le* than about 1000 mW/souare centimeter, in a wavelength range ^ 
functional absorbable by the photoinitiator to permit Nation of 
polymerization. 

by IZ^orZ T ° f m0lKUleS ' COmpdSin8 " id 

anyoTmrr on a sei ,ormed by ihe poi ~ ,i ° n <* »• -p— - 
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10. A gel for electrophoresis, prepared by polymerizing the solution of claim 1. 

11. A gel as in claim 10, wherein the gel is formed by photopolymerization while 
more than 20% of the surface area of said gel is exposed to air. 

12. A gel as in claim 11, wherein at least 30% of the surface area of the gel is 
exposed to air during polymerization. 

13. A gel as in any of claims 10-12, wherein the gel is formed by 
photopolymerization in the presence of shape-forming constraints which are 
substantially formed of plastic. 

14. A gel as in any of claims 10-13 further comprising a gradient of gel 
concentration or of crosslink density, said gradient formed by using as an 
initiator of gel formation, in a composition capable of forming a gel suitable for 
electrophoresis, a photoinitiator other than a riboflavin, and imposing a gradient 
of exposure to light during the polymerization of the gel, the light having a 
wavelength of 200 to 1500 nanometers. 

15. A gradient gel as in claim 14, wherein the gradient is either horizontal or 
vertical with respect to the electric field. 

16. A gel according to any of claims 10-15, wherein the gel is cast on a sheet of 
support material. 

17. A gel as in any of claims 10-16, wherein the gel contains denaturing agents 
appropriate for the sequencing of a nucleic acid, and said gel is of a suitable 
concentration therefore. 

18. A gel as in any of claims 10-16, wherein the gel contains denaturing agents 
appropriate for the separation of SDS-denatured proteins, and said gel is of a 
suitable concentration therefore. 
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therefore. g 3 suitable concentration 

21. A composition as any of claims in which me H ght ^ for 
pho top o ly menza n on is se,ec ted from UV Ugh, vising and ^ light . 



.97173S4A1_L> 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



U ^^^nal Application No 

96/17918 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 'C08F22G/56 601N27/447 



According to International Patent CI am fi can on (IPQ or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 C08F G01N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consul led during the intemauonal search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 169 397 A (E.I. DU PONT DE NEMOURS 
AND CO.) 29 January 1986 
see the whole document 

US 3 650 927 A (S. LEVINOS) 21 March 1972 

see the whole document 

EP 0 290 133 A (MINNESOTA MINING AND 
MANUF. CO.) 9 November 1988 

see claims 1-4; examples 3-5 

FR 1 539 051 A (HUGHES AIRCRAFT CO.) 13 
September 1968 



1,2,5-21 



1,5-16, 
20,21 



1,2, 

5-16,20, 
21 



1,2, 

5-16,20, 
21 



see the whole document 



Further documents are listed in the continuation of box C. 



m 



Patent family members are listed in annex. 



* Special categories of a ted documents : 

" A* document defining the general state of the art which is not 
considered to be of particular relevance 

*E' earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claimfs) or 
which is a led to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T later document published after the international filing date 
or priority dale and not in conflict with the application but 
a ted to understand the principle or theory underlying the 
invention 

*X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



18 March 1997 



Date of mailing of the international search report 



- 7. 0*. 97 



Name and mailing address of the ISA 

European Patent Office, P.B. 58 IS Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. 31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: ( f 31-70) 34O-J0I6 



Authorized officer 



Glikman, J-F 



Form PCT .IS A/210 <*econd iheet) (July 1992) 



page 1 of 2 



5DOCID: <WO 9717384A1_I_> 




SOOCJD:<WO 9717384AU_> 2 Of 2 



INTERNATIONAL SEARCH REPORT 

jif^^^^n on patent family members 



Application No 

96/17918 



Patent document 


Publication 




Patent family 




Publtc&iion 


cited in search report 


date 




mcmber(s) 




date 


! EP 169397 A 


29-01-86 


US 


4790919 


A 


13-12-88 




CA 


1261784 


A 


26-09-89 




CA 


1285902 


A 


09-07-91 




DE 


3584482 


A 


28-11-91 




IE 


58481 


B 


22-09-93 




JP 


6025748 


B 


06-04-94 




JP 


61028512 


A 


08-02-86 




US 


4863647 


A 


05-09-89 


US 3650927 A 


21-03-72 


CA 


954067 


A 


03-09-74 




OF 


2059034 

LVJ7uJ^ 


A 


03-06-71 


EP 290133 A 


09-11-88 


CA 


1323949 


A 


02-11-93 




JP 


63273602 


A 


10-11-88 




US 


5545676 


A 


13-08-96 


FR 1539051 A 


DE 


1720906 A 


20-01-72 






1153813 


A 


29-05-69 


EP 524786 A 


27-01-93 


CA 


2074235 


A 


19-01-93 




JP 


5209022 


A 


20-08-93 




US 


5519088 


A 


21-05-96 


US 5410016 A 


25-04-95 


US 


5380536 


A 


10-01-95 




US 


5468505 


A 


21-11-95 




US 


5567435 


A 


22-10-96 




AU 


673160 


B 


31-10-96 




AU 


3780993 


A 


13-09-93 




CA 


2117584 


A 


02-09-93 




CA 


2117588 


A 


16-09-93 




EP 


0627911 


A 


14-12-94 




EP 


0627912 


A 


14-12-94 




JP 


7506961 


T 


03-08-95 




JP 


7507056 


T 


03-08-95 




NZ 


249770 


A 


25-09-96 




NZ 


251039 


A 


26-03-96 




WO 


9317669 


A 


16-09-93 




WO 


9316687 


A 


02-09-93 




US 


5529914 


A 


25-06-96 




AU 


8755791 


A 


20-05-92 



Form PCT/IS A/210 (patent family innex) (July 1992) 

9717384A1J_> 



page 1 of 2 



^^Hrmai 



RNATIONAL SEARCH REPORT 

toon on patent family mcmben 



Patent document 
cited in search report 

US 5410016 A 



Publication 
date 



EP 
WO 

US 
US 
US 



•»ul Application No 

PC i /US 96/17918 



Patent family 
member (s) 

0553195 
9206678 
5462990 
5567440 
5232984 



A 
A 
A 
A 
A 



Publication 
date 

04-08-93 

30- 04-92 

31- 10-95 
22-10-96 
03-08-93 



PCT/ISA/JI0 <p.um f«,a, UkMt) (Ju)y l9n) 



_9717384A1 I > 



page 2 of 2 



